Abstract The aim of this study was to evaluate the clinical and radiological features of xanthogranulomatous cholecystitis (XGC) and the results of surgical treatment. This retrospective study concerns clinical, radiological, and surgical data as well as histopathological findings and postoperative results of 108 patients with XGC who were identified after evaluating 7916 cholecystectomy specimens between 2004 and 2014 in a single institute. One hundred eight patients with XGC were evaluated (56 males and 52 females, mean age 62.3 years). Clinical findings at referral included acute and chronic cholecystitis, Mirizzi's syndrome, choledocholithiasis, cholangitis, and acute pancreatitis. Ultrasound was performed in all patients, CT in 25, contrast-enhanced MRI in 29, and magnetic resonance cholangiopancreatography (MRCP) in 25 patients. None of the patients were diagnosed preoperatively, but mildmoderate degrees of wall thickening were present in most. Fifty-four patients received open cholecystectomy, while 54 received laparoscopic intervention, among whom 23 were converted to open. Partial cholecystectomy was performed in 11 patients. Two patients with gallbladder adenocarcinoma were treated with radical cholecystectomy. XGC has nonspecific clinical and radiological findings; thus, preoperative diagnosis is generally absent. Open cholecystectomy is the recommended treatment modality. Conversion to open is frequently necessary after laparoscopy. Complete cholecystectomy is the ultimate goal; however, partial cholecystectomy may be preferred to protect the structures of the hepatic hilum.
Introduction
Xanthogranulomatous cholecystitis (XGC) is a rare disorder of the gallbladder that is characterized by a focal or diffuse type of destructive inflammatory process [1] . Penetration of bile into the gallbladder wall through ruptured Rokitansky-Aschoff sinuses or mucosal ulcerations is generally the attributed phenomenon that triggers inflammation of interstitial tissue. Acute inflammation is followed by a granulomatous reaction and a cellular type of immune response [2] [3] [4] . Inflammatory process creates a macroscopic thickening of the gallbladder wall that closely resembles carcinoma formation and causes a fibrous reaction and scar formation which is responsible for the gross adhesions to surrounding tissues rendering surgical dissection to be significantly difficult [4, 5] . This retrospective study aims to evaluate the clinical and radiological findings and surgical procedures and their effects on patients with XGC who were treated in our department in the last 11 years.
Methods
A retrospective review of 7916 case records of cholecystectomies which were performed in our department between 2004 and 2014 revealed 108 patients with a histopathological diagnosis of XGC.
Histopathological features considered to form a diagnosis of XGC were diffuse or focal mural effects with the presence of histiocytes, deposits of cholesterol and lipids, giant multinucleated cells of the type reacting to foreign bodies, phagocytosed lipids and bile pigments, forming xanthomatous cells, and the presence of acute or chronic inflammatory cells (Fig. 1) .
Case records were then reevaluated for clinical findings, imaging results, observations during surgery, surgical procedures, and postoperative course.
Results
One hundred eight patients were identified with XGC among 7916 cholecystectomies (1.36 %). Fifty-six patients were male (51.9 %) and 52 (48.1 %) female (M/F ratio 1.07), with a mean age of 62.3 years (range 27-93).
Patients exhibited various clinical symptoms. Right upper quadrant and epigastric pain was present in all cases. Clinical presentations are listed in Table 1 , among which acute and chronic cholecystititides were the most frequent ones. Mirizzi's syndrome was observed in 15 patients, and 13 out of these were of type I and two of type III.
All patients underwent ultrasound examination; however, CT was performed in 25 cases, contrast-enhance MRI in 29, and magnetic resonance cholangiopancreatography (MRCP) in 25 patients. Focal or diffuse wall thickening was identified with ultrasound in 71 patients (65.7 %), with CT in 13 patients (52 %), and with MRI in 16 patients (55.1 %). In none of the exams a pathognomonic finding was described. Retrospective evaluation of cross-sectional images could not rule out XGC (Fig. 2) . Histopathological examination of a patient with wall thickening suspicious for malignancy in CT revealed adenocarcinoma accompanying XGC. MRI diagnosed adenomyomatosis in one patient and thickening suspicious for carcinoma in another; however, both patients were pathologically diagnosed as XGC. Twelve out of 25 patients imaged with MRCP had choledocholithiasis and 3 patients had M i r i z z i ' s s y n d r o m e . E n d o s c o p i c r e t r o g r a d e cholangiopancreatography (ERCP) with sphincterotomy and stone extraction was successful in 10 patients but failed in 2 others. Five patients with severe acute cholecystitis were initially treated with percutaneous cholecystostomy, and elective surgery was performed after a clinical response was obtained.
Fifty-four patients with XGC were treated with open cholecystectomy (50 %). The other 54 patients were operated laparoscopically; however, in only 31 patients (57.4 %), the procedure could be completed laparoscopically, and in 23 patients (42.6 %), conversion to an open procedure was mandatory due to severe pericholecystic adhesions and suspicion for carcinoma. In 18 patients, intraoperative frozen section was performed with the suspicion of malignancy and 2 of them were identified as such; thus, the incidence of gallbladder carcinoma was 1.85 %. Severe fibrosis and adhesions necessitated a partial cholecystectomy in 11 patients (10.2 %). Moreover, additional procedures were performed in some patients for various reasons (Table 2) .
Histopathologically, diffuse involvement was found in 91 patients (84.3 %) and focal involvement in 17 patients (15.7 %). In terms of laparoscopic intervention, conversion to open procedure was more common in diffuse cases as compared to focal involvement; however, this difference was not statistically significant (Table 3) . Ninety-eight patients also had gallbladder calculi (90.7 %). Out of 10 cases without calculi, two had hydatid cysts adjacent to the gallbladder and one patient had concomitant gallbladder carcinoma. The average hospitalization was 5.1 days (range 1-32 days). Ten patients (9.25 %) suffered from postoperative complications, of which nine patients (8.3 %) had postoperative wound infections treated with drainage and antibiotics and one patient suffered from deep venous thrombosis. There was no mortality in this series.
Discussion
This rare inflammatory disorder was first described by Christensen and Ishak in 1970 as fibroxantogranulomatous cholecystitis and was later referred to as XGC by McCoy et al. in 1976 [6, 7] . Its incidence is reported to be 0.7-13.2 % of all gallbladder-related inflammatory conditions [8, 9] . Hale et al. assessed 1599 patient records from 29 studies and categorized his findings by geographical regions such as Europe, India, Far East, and the Americas [10] . It was found that the incidence of XGC was 1.3-1.9 %, except in India, where it was 8.8 %. The incidence level in our study is 1.36 %, which coincides with Hale's review.
The male/female ratio detected as 1.07 also correlates with previously reports; thus, XGC seems to affect males and females equally [11] . However, in a review by GuzmanValdivia, predominantly male patients were reported [4] . In this study, the average age at presentation was 62.3 years, which is similar to other studies [8, 11, 12] .
Although signs or symptoms are not specific for XGC, the most common complaints are right upper quadrant and epigastric pain and the clinical presentation is generally acute or chronic cholecystitis [4, 8, 11] . Roberts and Parsons report that in a review series of 13 patients, 11 patients experienced at least one episode of acute cholecystitis, and in 6 patients, this finding was the first symptom [13] . A large series of XGC reports the incidence of acute cholecystitis as 17 % [4] ; however, the current series demonstrated it to be 28.7 %. The same literature series demonstrates jaundice as another common clinical presentation (23 %), where 70 % of jaundice was due to Mirizzi's syndrome and 30 % to choledocholithiasis [4] . It is hypothesized that the excessive inflammation and transmural fibrosis may extend into the adjacent liver tissue or hilar structures and Mirizzi's syndrome develops when the common bile duct is thus affected [14] . In our series, Mirizzi's syndrome was present in 15 patients (13.8 %); 11 out of 13 patients with type I Mirizzi's were treated with complete cholecystectomy and the other 2 with partial cholecystectomy. Type III Mirizzi's syndrome was diagnosed in two patients, and one patient had concomitant carcinoma. One of these patients received a radical cholecystectomy and the other XGC xanthogranulomatous cholecystitis cholecystectomy, but both received additional extrahepatic bile duct resection and Roux-en-Y hepaticojejunostomy. The association of Mirizzi's syndrome and gallbladder carcinoma is reported to be 5-28 % in the literature, and repetitive inflammation and bile stasis are considered liable for this association [15, 16] . Preoperative diagnosis and differential diagnosis from other processes like gallbladder carcinoma which necessitate radical cholecystectomy are quite difficult despite physical examination, clinical studies, laboratory tests, and radiologic imaging [9] . Ultrasound demonstrates gallbladder calculi and focal/ diffuse wall thickening; however, hypoechogenic nodules or bands which are considered to be characteristic may be demonstrated in only 35 % of patients. These findings may also be observed in intramural abscesses or adenomyomatosis [17] [18] [19] . Only 33 % of patients demonstrate a hypodense intramural nodule, which is the most specific sign described on CT [17] . CT criteria have also been described to provide a differential diagnosis of XGC from gallbladder carcinoma. Diffuse wall thickening, continuity of the mucosal line, intramural hypoattenuating nodules, absence of invasion of adjacent liver parenchyma, and lack of intrahepatic biliary dilatation are found to be the criteria, and the presence of three of which has a sensitivity and specificity of 83 and 100 %, respectively, for XGC [20] . A study correlating CT and MRI findings of XGC with pathology reports that low-attenuating areas coincide with foam and inflammatory cells or necrosis and/or abscess areas. T2-weighted images showing iso-hyperintense signal intensity correspond to areas of significant xanthogranulomas when they also demonstrate slight enhancement during the early and strong enhancement during the late phases of dynamic contrast imaging. Very high signal intensity on T2-weighted images without contrast enhancement was consistent with necrosis and/or abscesses [21] . In our study, ultrasound, CT, and MRI did not help in the preoperative diagnosis of XGC, and findings consistent with XGC could be identified in retrospective analysis of cross-sectional imaging, making us think that radiologists as well as clinicians are not aware of this rare disease.
The correlation of XGC to cholelithiasis is reported to be 70-100 % in the literature [4, 22] . Cholelithiasis was present in 98 patients (90.7 %) in our study group. One out of 10 patients without lithiasis had gallbladder carcinoma, and etiologically, this could have a role. In two others, there was hydatid cyst of the liver adjacent to the gallbladder; however, the literature does not support hydatid cyst as a factor in etiology.
The only definitive treatment of XGC is surgery. The presence of dense and abundant adhesions to adjacent structures together with prominent wall thickening should raise the suspicion for XGC. Such findings are associated with two important problems for the surgeon: First, gallbladder carcinoma should be ruled out, which would otherwise necessitate radical surgery. Second, surgical dissection is expected to be significantly difficult, which also determines the duration of the procedure, rate of complications, and type of cholecystectomy like open vs laparoscopic and complete vs partial. The association of XGC with gallbladder carcinoma is important in that they are both macroscopically similar and that they can be concomitant. The coexistence of XGC and gallbladder is reported to be 3-12 % [4, 23] , but the correlation in the etiopathogenesis of this coexistence has not been fully understood. The inflammatory phenomenon in XGC is hypothesized to be effective through the metaplasia-dysplasia-neoplasia sequence [24, 25] . Moreover, in 30 % of gallbladder carcinomas, focal xanthogranulomatous changes have been identified in the gallbladder wall that demonstrates neoplastic invasion [26, 27] ; therefore, frozen section is recommended [4, 8, 11, 12] . Frozen section was performed in 18 patients, and carcinoma was diagnosed in two cases who received radical cholecystectomy.
A preoperative diagnosis of XGC is usually not possible. However, if it is considered in the differential diagnosis, the recommended surgical procedure would be open cholecystectomy due to dense fibrous adhesions, excessive local inflammation, and a risk of concomitant malignancy [11, 28] . After an attempt for laparoscopic cholecystectomy, the rate of conversion to open procedure is found to be 19-80 % [4, 11] . Fifty-four patients (50 %) in our study were treated with open cholecystectomy, although their preoperative diagnosis was not possible. A preoperative diagnosis of Mirizzi's syndrome, choledocholithiasis that could not be extracted with ERCP and endoscopic sphincterotomy, a risk for a difficult cholecystectomy due to frequent and severe cholecystitis attacks, suspicion for malignancy, and patient preference were the reasons for this choice. Laparoscopic cholecystectomy was attempted in the other 54 patients, of which only 31 (57.4 %) could be completed laparoscopically and 23 (42.4 %) patients had to be reverted to an open procedure.
Complete cholecystectomy should be preferred for its coincidence with carcinoma and the risk of residual malignancy. For this purpose, if the inflammation and transmural fibrosis extend into the adjacent liver tissue and structures of the hepatic hilum, gallbladder bed and adjacent structures may be included in the resection specimen [29] . However, partial cholecystectomy may be the only option when complete resection is impossible since the patient cannot tolerate an extended resection; there is a high risk to cause injury in hilar structures due to significant difficulty in dissection anatomic identification given that frozen section excludes malignancy [4, 8, 22] . The reported series of XGC includes those when complete cholecystectomy was in majority as well as those with partial cholecystectomy reaching 65 % [4, 8, 9] . In our study, 11 (10.2 %) patients could be treated with partial cholecystectomy and wedge resection of the gallbladder bed was required in 2 patients since the inflammatory mass had extended into the liver tissue.
Patients may have postoperative complications such as biliary injury, bile leakage, bleeding, and minor or major surgical site infections [4, 5] . In our series, postoperative complications were seen in 10 patients (9.25 %). Nine patients (8.3 %) suffered from postoperative wound infections and were treated with drainage and antibiotics. One patient with deep venous thrombosis showed an uneventful recovery. There were no biliary, vascular, or visceral injuries in any of our cases.
In conclusion, a preoperative diagnosis of this rare disorder of the gallbladder is significantly difficult while its clinical and radiological appearances are nonspecific and similar to other forms of cholecystitis and gallbladder carcinoma. Its coincidence with carcinoma and Mirizzi's syndrome should be considered. Excluding gallbladder carcinoma is possible with frozen section during the operation. The recommended treatment modality is open cholecystectomy, and conversion to open procedure is frequent after an attempt at laparoscopy. Complete cholecystectomy is recommended due to the risk of concomitant malignancy; however, difficulty in dissection and anatomic identification may justify partial cholecystectomy to protect hilar structures.
